Introduction: Acute appendicitis is one of the most common surgical emergencies in childhood. Early recognition and treatment of children with complicated appendicitis, especially perforated and gangrenous, is very crucial. The aim of the present study was to determine the predictive value of simple blood tests, such as serum sodium (Na) level, C-reactive protein (CRP) level, and blood leukocyte and neutrophil counts, in complicated appendicitis. Methods: A total of 403 patients who underwent operation with the initial diagnosis of acute appendicitis that was confirmed by surgery and histopathology were evaluated retrospectively. Patients with perforated or gangrenous appendix, generalized peritonitis, and intra-abdominal abscess were identified as complicated appendicitis. Basal serum Na and CRP levels and blood leukocyte and neutrophil counts of patients with complicated and non-complicated appendicitis were compared. Results: Of the 403 patients, 158 (39.2%) had non-complicated, and 245 (60.8%) had complicated appendicitis. No difference was found between the two groups with regard to hyponatremia, leukocytosis, and neutrophilia (p>0.05). The risk of complicated appendicitis increased 2.5-fold in patients with elevated CRP (odds ratio: 2.498; 95% confidence interval: 1.558-4.004). Patients with complicated appendicitis had lower baseline serum Na levels (p=0.004; p<0.05). For diagnosis of complicated appendicitis, the cut-off value for Na was ≤138 mEq/L (sensitivity 82.5% and specificity 31.1%). Discussion and Conclusion: It was concluded that blood leukocyte and neutrophil counts in patients with suspected acute appendicitis in the emergency department were not helpful in determining the risk of complicated appendicitis. Although a basal serum Na level ≤138 mEq/L has a high sensitivity in predicting complicated appendicitis, its specificity is low.
A ppendicitis is the most common non-traumatic surgical emergency in childhood. The risk of perforation in childhood is higher than that in adults and is reported to be between 20% and 74% [1] [2] [3] . The clinical course can progress from simple (non-perforated) acute appendicitis to complicated conditions, such as perforation and intraabdominal abscess. Perforated appendicitis is associated with an increase in the number of diagnostic tests and invasive procedures and prolonged hospital stay. Ponsky et al. [2] reported that complications, such as intra-abdominal abscess, wound infection, and postoperative ileus, are reported to occur in 8% of patients with simple appendicitis and in 39% of those with perforated appendicitis. In patients with complicated appendicitis, the aim should be to 
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Abstract plan the optimal treatment for minimizing the morbidity, length of hospital stay, and risk of readmission to the hospital due to a complication [4] .
In recent years, studies on the antibiotic treatment of pediatric patients with simple appendicitis without surgery have been published. However, the results of this medical therapy, which is an alternative to surgery, are still controversial [5] . The early appendectomy and antibiotic treatment protocol have been shown to be associated with lower hospital stay, cost, recurrent abscess, small bowel obstruction, and frequency of hospital readmission after discharge in patients with perforated appendicitis than those in patients undergoing delayed appendectomy after antibiotic treatment [1, [6] [7] [8] . Therefore, early and accurate detection of perforated appendicitis in patients monitored with an initial diagnosis of acute appendicitis in the emergency room is important in determining the appropriate antibiotic therapy and timing of surgery. Ultrasound is the most commonly used imaging method for diagnosis of acute appendicitis. However, in the differentiation of simple and perforated appendicitis, it is reported that the specificity of ultrasound is high, but its sensitivity is low [9, 10] . There are several studies on the diagnostic value of laboratory tests performed to differentiate perforated appendicitis from simple appendicitis. Leukocyte count, neutrophil count, serum C-reactive protein (CRP) level, and sedimentation rate are among the most investigated parameters in these studies [3, 4, [11] [12] [13] [14] . In the literature, data on the relationship between perforated appendicitis and hyponatremia are very limited in pediatric patients.
The aim of the present study was to determine the predictive value of simple blood tests, such as serum sodium (Na) and CRP levels and blood leukocyte and neutrophil counts, in differentiating complicated appendicitis from simple appendicitis in cases with suspected acute appendicitis in the emergency room setting. It was hypothesized that the detection of hyponatremia at the time of emergency room admission was the predictor of complicated appendicitis in children.
Materials and Methods
Study Group
The study was conducted retrospectively on patients who were monitored between January 1, 2016 and August 1, 2018 in the pediatric emergency department of a tertiary care hospital in Istanbul and who were operated by pediatric surgery at the same hospital. A total of 403 patients with surgical and histopathological diagnoses of appendicitis were included in the study. The study was approved by the Ethics Committee of the hospital (date: January 2, 2019; registration no.: 2018/0510).
Study Protocol and Definitions
Data on age, gender, length of hospital stay, basal serum Na and CRP levels, complete blood counts including leukocyte and neutrophil values, and ultrasound examination results of the patients were recorded. Patients were divided into two groups as non-complicated appendicitis and complicated appendicitis. Patients with perforated or gangrenous appendix, fecal peritonitis, and intra-abdominal abscess according to surgical and histopathological findings were defined as complicated appendicitis [4, 8] . Demographic characteristics and duration of hospitalization were compared between the two groups. Differences with regard to hyponatremia (Na <135 mEq/L), leukocytosis (white blood cells >10.000/mm 3 ), neutrophilia (neutrophils >7500/mm 3 ), and serum CRP elevation (>0.5 mg/dL) were investigated. Serum Na and CRP levels and blood leukocyte and neutrophil counts were also quantitatively compared between the groups. The cut-off value, sensitivity, and specificity percentages of the parameters with a significant difference were determined for predicting complicated appendicitis.
Statistical Analyses
IBM SPSS Statistics 22 (IBM SPSS, Turkey) software was used for statistical analysis. Shapiro-Wilk test was used to analyze conformity to normal distribution of parameters. Descriptive statistics was expressed as mean, standard deviation, median, and frequency for evaluation of data. In comparison of quantitative data, Student's t-test was used for comparison of parameters with normal distribution between the two groups. Mann-Whitney U test was used for comparison of parameters with non-normal distribution between the two groups. In comparison of qualitative data, chi-square test and Yates's continuity correction were used, and relative risk was also calculated. The optimal cut-off value was selected based on the receiver operating characteristic (ROC) curve analysis. A p value <0.05 was considered statistically significant.
Results
Of the 403 patients, 273 (67.7%) were males, and 130 (32.3%) were females. The average age of the patients was 11.39±3.58 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) years. Among them, 158 (39.2%) had non-complicated appendicitis, whereas 245 (60.8%) had complicated appendicitis. No difference was found between the two groups with regard to age and gender. The duration of hospitalization was longer in the complicated appendicitis group (p=0.000; p<0.05) ( Table  1) . When a comparison was made with regard to laboratory findings, there was no significant difference between the groups with regard to hyponatremia, leukocytosis, and neutrophilia (p>0.05). The incidence of elevated serum CRP was higher in patients with complicated appendicitis, and the risk of complicated appendicitis increased 2.5-fold in patients with elevated serum CRP levels (p=0.000; p<0.05, odds ratio: 2.498; 95% confidence interval (CI): 1.558-4.004) ( Table 2) . Patients with complicated appendicitis had a lower average baseline serum Na level and a higher median CRP level (p=0.004 and p=0.000, respectively; p<0.05) ( Table 3) . ROC curves and cut-off values obtained for serum Na and CRP levels in the diagnosis of complicated appendicitis are shown in Figure 1 . 
Discussion
Early and accurate detection of perforated appendicitis in patients with acute appendicitis in the emergency room is important for determining the appropriate antibiotic therapy and timing of surgery. However, the diagnostic process is rather challenging in children since there is no definitive symptom or finding for clinical prediction of perforated appendicitis, pediatric patients might present with atypical signs and symptoms, and young children are usually unable to express their complaints clearly [12] . In the present study, the predictive value of basal serum Na level and inflammatory markers (leukocyte and neutrophil counts and serum CRP level) in the identification of cases with complicated appendicitis during emergency service monitoring was determined.
There are studies reporting different results and cut-off values on the diagnostic value of inflammatory markers, such as blood leukocyte and neutrophil counts and serum CRP levels in differentiating perforated appendicitis from simple appendicitis in children [3, 4, [11] [12] [13] [14] . Williams et al. [3] reported that a leukocyte count >19.400/mm 3 in patients with acute appendicitis is an independent marker for perforated appendicitis, whereas Pham et al. [11] reported this number to be >12.000/mm 3 . On the other hand, Lin et al. [15] reported no diagnostic value of leukocytosis and neutrophilia in determining the risk of perforation in pediatric patients with acute appendicitis. However, Nelson et al. [16] reported that there is no difference between the mean leukocyte counts of patients with perforated and non-perforated appendicitis, but patients with perforated appendicitis have higher neutrophil and band counts. Beltran et al. [13] found that leukocyte counts and serum CRP levels are markers with high specificity but low sensitivity when used alone or in combination in differentiating patients with simple and perforated appendicitis. In their study, it was found that the sensitivity of both tests increases when measurements are repeated at intervals during the monitoring in the emergency room. Siddique et al. [17] reported that leukocytosis is a better predictor of serum CRP elevation in the diagnosis of acute appendicitis, and interpretation of leukocytosis and CRP elevation together increase the sensitivity of this test in determining the risk of perforated appendicitis. Another study reported that an elevated CRP level is a marker with high sensitivity and low specificity in differentiating simple and perforated appendicitis [15] . In our study, the risk of complicated appendicitis was increased 2.5-fold in patients with elevated CRP levels. A CRP level >2.81 mg/dL was considered as a marker with low sensitivity (53.1%) and moderate specificity (70.5%) in determining complicated appendicitis. There was no difference with regard to There are some studies showing that hyponatremia is a predictive marker for perforated/gangrenous appendicitis, ischemic bowel obstruction, and colonic perforation in adult patients [18] [19] [20] [21] . However, data on the relationship between perforated appendicitis and hyponatremia are very limited in pediatric patients. In a single study evaluating the association between hyponatremia and complicated appendicitis in children, it was found that the risk of complicated appendicitis increased 3-fold in patients with hyponatremia, and that hyponatremia (serum Na ≤135 mEq/L) was an independent predictor for complicated appendicitis [11] . In our study, which hypothesized that the detection of hyponatremia during the initial admission to the emergency room was a predictive finding for complicated appendicitis, no relationship was found between hyponatremia and complicated appendicitis, in contrast with what was expected. However, the mean serum Na level of patients with complicated appendicitis was found to be significantly lower than that of patients with uncomplicated appendicitis. A basal serum Na level ≤138 mEq/L was found to be a marker in determining the risk of complicated appendicitis; although it had a high sensitivity (82.5%), its specificity was found to be low (31.1%).
The present study has a few limitations. It was performed retrospectively using a single-center data. The basal levels of the laboratory test results obtained only at the time of admission to the emergency room were compared in the study. Since the patients did not have recurrent measurement results obtained at intervals during the preoperative monitoring period, no conclusion could be done about the changes in the results of laboratory tests during the clinical process.
Conclusion
In conclusion, blood leukocyte and neutrophil counts, which are among the inflammatory markers frequently ordered in patients with suspected acute appendicitis in the emergency room, were not helpful in determining the risk of complicated appendicitis. Although a basal serum Na level ≤138 mEq/L has a high sensitivity in predicting complicated appendicitis, its specificity is low. Routine testing of basal serum Na levels in patients with suspected acute appendicitis in the emergency room appears to be beneficial in predicting the risk of complicated appendicitis, as well as in fluid and electrolyte management. 
